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(54) POLYSULFONE SELECTIVE SEPARATION MEMBRANE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To contro! the elution of impurities and to reduce stimuli to living 
bodies by controlling the content of bioactive glycolipid contained in a membrane as impurities 
at a regular concentration or below and forming the membrane of a selective separation layer 
having constant substance permeability on the side of a surface in contact with liquid to be 
treated. 

SOLUTION: The content of bioactive glycolipid contained in a membrane as impurities is 
controlled at 1.3 ppb or below, and the permeability of alubmin by the use of a mixed liquid of 
water and a solvent selected from N,N-dimethyl acetamide, N,N-dimethyl formamide, 
N-methyl-2-pyrrolidone, and dimethyl sulfoxide is controlled at 0.5-0.001%. Moreover, a 
membrane as a selective separation layer having constant substance permeability is formed 
on the side of a surface in contact with liquid to be treated. In this way, the elution of 
impurities can be prevented, and stimuli to living bodies can be reduced due to the reduced 
elution of components from the membrane. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The polysulfone system selection demarcation membrane which the bioactive 
glycolipid content in this film is 1 .3 or less ppb, and the permeability of albumin is 0.5 - 0.001% 
in the film which consists of a hydrophilic giant molecule chosen from either a polysulfone 
system giant molecule, a polyvinyl pyrrolidone or a polyethylene glycol, and is further 
characterized by a selection detached core existing in a contact surface side with a 
processed liquid. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the polysulfone system selection 
demarcation membrane used for blood purification, underwater endotoxin removal, etc. in 
more detail about the selection demarcation membrane aiming at solute removal and 
purification of a liquid. 
[0002] 

[Description of the Prior Art] In recent years, many membrane-separation techniques are put 
in practical use, and in order to separate the specified substance from the mixture of a liquid 
or a gas or to remove an impurity, various selection demarcation membranes are used. As a 
material of a selection demarcation membrane, generally the organic system macromolecule is 
used widely, for example, a polysiloxane, a polyamide, polysulfone, polyolefine, a 
polyacrylonitrile. polymethacrylate, etc. are mentioned as a cellulose and synthetic 
macromolecule as naturally-ocurring polymers, although the polysulfone system 
macromolecule is broadly used as an industrial use demarcation membrane especially — the 
reason — chemicals, such as heating, a radiation, and an acid, alkali, — it is because the 
resistance which was excellent also to any is shown. Moreover, since it excels also in 
biocompatibility, recently, it is observed also as a material of a medical -application 
demarcation membrane, and need is increasing. 

[0003] However, since water repellence is the material which cannot be easily damp in water 
highly, for desired membraneous ability and the purpose which especially obtains permeable 
ability, a polysulfone system macromolecule adds a hydrophilic macromolecule and is 
produced in many cases. Therefore, when using the film, the hydrophilic macromolecule was 
eluted or the problem on which a particle and an oligomer component are duted fr-om a 
polysulfone system macromolecule was in the processed liquid. 

[0004] Many attempts which improve these faults were Indicated, for example, at 
JP,4-300636.A, bridge formation insolubilization of the hydrophilic macromolecule was carried 
out by irradiating a radiation by the moisture state at the film, it fixed to the film firmly, and 



elution is improved. At JP,9-103664A, by heat-treating the film by dryness, a hydrophilic 
macromolecule is insolubilized similarly and it is fixing to the film. Moreover, the method of 
processing the film is also tried of the component which forms a hydrophilic macromolecule 
and water-insoluble nature complex, and the insolubilization processing which used pdyacid, 
such as pdycarboxylic acid and polyphenol, is made in JP,8-32297,B. On the other hand, 
about the elution of the particle from a polysulfone system macromolecule, or an oligomer 
component, the resin of a raw material is refined by reprecipitation, or the approach of 
washing the film with an alcohols solvent is indicated by JP,5-329345A 
[0005] 

[Problem(s) to be Solved by the Invention] However, each Prior art is making an issue of only 
elution of a hydropNIic macromolecule, a particle, and an digomer component, and the elution 
of the other impurity was not taken into consideration. Although the film was generally 
produced by the wet spinning method, depending on the contamination condition of the water 
used for coagulation or a washing bath, the impurity of some [ a film production process ] may 
have mixed the film of a polysulfone system. Moreover, it was also the same as when filling up 
with water the film which carried out the modularization. In it, the physiological active 
substance which stimulates a living body is also contained, and it divides, and a glycollpid 
component has some in which a minute amount also has variegation and powerful bioactive to 
a living body so that it may be represented by endotoxin. In order to show compatibility with a 
lipid part high on a polysulfone system macromolecule front face, the film is easy to adsorb, 
and these are hard to be removed depending on washing. On the other hand, like blood, to the 
medium with the powerful elution force, compatibility was high, and there was a possibility of it 
having been eluted and discovering bioactive. Therefore, this invention cancels the trouble of 
the above-mentioned conventional technique, reduces the elution of the bioactive glycolipid 
contained in the film as an impurity, and aims at offering the polysulfone system selection 
demarcation membrane by which stimulative [ to a living body ] was mitigated. 
[0006] 

[Means for Solving the Problem] In the film which the bioactive glycolipid content contained in 
the film as an impurity is below fixed concentration, and prepared the selection detached core 
which has fixed matter permeability in the contact surface side with a processed liquid, the 
elution of this impurity was stopped and this invention persons found out that stimulative [ to 
a living body ] was mitigable, as a result of inquiring wholeheartedly, in order to attain said 
purpose. That is, in the film which consists of a hydrophilic giant molecule chosen from either 
a polysulfone system giant molecule, a polyvinyl pyrrolidone or a polyethylene glycol, the 
bioactive glycolipid content in this film is 1.3 or less ppb, and the permeability of albumin is 
0.5% - 0.001%, and this invention is a sulfone system selection demarcation membrane further 
characterized by a selection detached core existing in a contact surface side with a 
processed liquid. 

[0007] It may be the aromatic series polysulfone system macromolecule which has the 
chemical structure type (1 ) indicated below to be the polysulfone system macromolecule used 
by this invention, or the repeat structure of the unit of (2), and you may be the so-called 
denaturation polysulfone by which the functional group and the alkyi group were added to the 
ring. Molecular weight does not carry out especially limitation. 
~0-Ar-C(CH3)3-Ar-S03-Ai- (1) 
-0-Ar-S03-Ar- (2) 

Ar expresses a phenyl group with a ring. 

[0008] A hydrophilic giant molecule is chosen from either a polyvinyl pyrrolidone or a 
polyethylene glycol. A copolymerization object with vinyl system monomers, such as vinyl 
acetate, may also be included in a polyvinyl pyrrolidone here, and it can be used for it in order 
to control compatibility with a polysulfone system macromolecule, and the hydrophilic 



property on the front face of the film. Although especially such molecular weight is not limited, 
in order to remain and to make the suitable hydrophilic property for the film give, it is desirable 
that weight average molecular weight uses at least 100,000 or more things. 
[0009] Although various chemical species exist in the glycolipid which has bioactive, the 
bioactive glycolipid as used in the field of this invention shows the endotoxin of the 
microorganism origin which mainly exists in process water from a viewpoint of mixing in a wet 
spinning process, although endotoxin is the dose of dozens ng order in reference and it is 
known that bioactive is shown in Homo sapiens or an animal, if a selection demarcation 
membrane considers being used as a module which has a predetermined film surface product 
— the maximum elution volume from a module — in other words, the maximum content in a 
module must be dozens of or less ngs. When the module for blood purification is taken for an 
example, the film content in a common module is at most 30g, and on the other hand, if the 
amount which shows bioactive sets weight average as 1 ng/kg to 40kg, it will become 40ng / 
30g (1.3ppb) of film. Therefore, the selection demarcation membrane of this invention requires 
that the content of a bioactive glycolipid should be 1.3 or less ppb. They are 1.0 or less ppb 
preferably. 

[0010] It is thought that the bioactive glycolipid contained as an impurity is eluted from 
membranous inside and outside and all the front faces in thickness. Moreover, in the 
separation approach like hemodialysis, the bioactive glycolipid contained in the dialysing fluid 
which has touched through the film can carry out back flow close to a blood side. In order to 
make these elution and mixing below into predetermined level, while it has penetrable ability 
sufficient as film, the permeability to a bioactive glycolipid is a low selection detached core, 
and it is required for this detached core to exist in a contact surface side with a processed 
liquid moreover. In addition, the processed liquid as used in the field of this invention shows 
the thing of the liquid defecated by membrane separation. 

[0011] Although the endotoxin as a bioactive glycolipid generally has tens of thousands - 
millions of molecular weight distributions, in order to cut to the low~molecular-weight fieid, it 
makes an index the cow plasma albumin (molecular weight: 67000) which has equivalent 
molecular weight and requires that the permeability should be 0.5 - 0.001%. Furthermore, in 
order to cut elution and to secure a membranous filtration efficiency moreover, it is desirable 
to make permeability into 0.1 - 0.01%. 

[0012] It has the above-mentioned selection detached core in a contact surface side with the 
liquid used for the selection demarcation membrane of this invention, dissociating, and the 
other part consists of supporters who do not participate in separation. Supporters have 
usually taken the spongeHIke gestalt. Although it is eluted from all the front faces in the film, 
since a bioactive glycolipid has the overwhelmingly large rate of the surface area of the 
supporters who occupy on the whole film, if a selection detached core exists in a contact 
surface side with a processed liquid, transparency of the effluent to a processed liquid can 
prevent it as a matter of fact. As a membranous configuration, you may be any of a flat film 
and a hollow filament. 

[0013] Next, as an example of the operation aspect of a polysulfone system selection 
demarcation membrane which has said description, a polyvinyl pyrrolidone (PVP is called 
hereafter) is used for a hydrophilic giant molecule, and the case where a film is produced in 
the shape of a hollow filament is explained to a detail. A film production undiluted solution 
consists of a polysulfone system macromolecule, PVP, and these common solvents. A solvent 
can mix and use these at a rate of independent or arbitration, although N and 
N~dimethylacetamide, N, and N-dimethylformamide, a N-methyl-2-pyrrolidone. and dimethyl 
sulfoxide are mentioned. Furthermore, water and salts little as an additive may be added in 
order to control a coagulation rate. Although suitable viscosity is required in order to produce 
a film in the shape of hollow therefore, a polysulfone system macromolecule is [ 15 - 20 % of 



the weight and PVP ] 2 - 8 % of the weight, and the remainder of a desirable presentation is a 
solvent. 

[0014] In order to produce a film in the shape of hollow, when controlling membranous 
penetrable ability, a presentation is important for a hollow agent. In order to attain the albumin 
transmission of this invention, it is necessary to use the mixed liquor of water and a solvent, 
and is chosen from N and N-dimethylacetamide, N, and N-dimethylformamide, a 
N-methy|-2-pyrrolidone, and dimethyl sulfoxide as a solvent A solvent is 5 - 40 96 of the 
weight, and the remainder of the desirable presentation of a hollow agent is water. If the 
permeability of a bioactive glycolipid will become high too much if the rate of a solvent 
increases more than this, and it becomes low conversely, although permeability will be 
suppressed, permeable ability sufficient as film cannot be attained. The solvent of the more 
desirable range is 1 0 - 25 % of the weight. 

[001 5] Coincidence is made to breathe out from the duplex spinneret which kept warm an 
above"-mentioned film production undiluted solution and an above-mentioned hollow agent at 
30-60 degrees C, and after air transit, if it is made to introduce into the coagulation bath 
which put in water, the structure of having a selection detached core inside a hollow filament, 
and having supporters outside will be formed. Thus, after rolling round the solidified hollow 
fiber to skein and cutting into fixed bundle length, hot water is poured from the cutting plane 
upper part, and an extant solvent is washed. Before desiccation processing, as an aperture 
hold-back agent, for example, a glycerol water solution is made to adhere, desiccation 
processing is performed at 70-80 degrees C for 10 hours or more, and the desiccation film is 
obtained. 

[0016] In case this film is used, it casts to the module which carries out potting of the both 
ends and has a predetermined film surface product, and sterilization processing is performed 
if needed. Especially limitation is not carried out that a modularization should just follow a 
well-known approach. What is necessary is to fill up water with dryness into ethylene 
OKISAITOGASU, a high pressure steam, radiation irradiation, or a module, and just to process 
a high pressure steam, radiation irradiation, etc. that what is necessary is just to also choose 
the sterilization approach from a well-known approach according to an application. 
[0017] What is necessary is not to limit especially the method of obtaining the polysulfone 
system permselective membrane which has the bioactive glycolipid content specified to this 
invention, but just to choose it fi'om a well-known approach. For example, the approach of 
using purified water like film production, washing, and a module packer is mentioned, and it is 
used with one pass after cut-off molecular weight's being 5000 or less and introducing into a 
hydrophobic ultrafiltration filter the water which passed the column filled up with a polyamine 
system composition adsorbent or cation exchange resin, without circulating through this 
filtered water. Moreover, after processing the film obtained as another example, without using 
purified water with cleaning agents, such as a surfactant and alkali content alcohol, the 
approach of flushing a cleaning agent with purified water is mentioned. What is necessary is 
just to use it for independent or arbitration combining these approaches. Since a selection 
detached core exists inside a hollow filament, the selection demarcation membrane created as 
mentioned above is used so that a processed liquid may always flow the inside of a hollow 
filament. 
[0018] 

[Embodiment of the Invention] Hereafter, although an example explains this invention 
concretely, this invention is not limited at all by these. In addition, many numeric values used 
in the example were measured with the following procedures. 

(Quantum of the bioactive glycolipid in the film) 20mg of dry film was dissolved by PVP 
content chloroform Icc 0.2%, distilled water and diethylether four cc each was added, and fall 
mixing was carried out The liquid divided into the bilayer was heated at 70 degrees C after 



standing, and evaporation removal of the organic solvent layer was carried out. The quantum 
of the bioactive glycolipid concentration contained in the obtained water layer was carried out 
by end SUPESHl (Seikagaku make: ES-50 set), and it +*(ed) by film weight, and computed as 
an endotoxin content in the film. 

[0019] (Measurement of albumin transmission) Rim surface product 1.5m2 It connects with 
the circulator containing 2.51. Cheparinize, protein concentration of 6.5g/deciliter) of cow 
plasma which warmed the module at 37 degrees C, and a pump is set to both by the side of 
close [ modular ] and appearance. The pump by the side of module appearance is continuously 
started circulation by part for 200 cc/of the rates of flow and extracted to a part for 185 
cc/in both pumps, and it adjusts so that the filtration rate of flow for 1 5 cc/may be acquired. 
It circulates for 60 minutes, returning filtrate to circulation liquid, and circulation liquid and 
filtrate are extracted in the 60th minute. Laser nephelometer was used for contrast for 
standard cow albumin, the quantum of the albumin concentration in a sample was carried out, 
and permeability was computed from the following formula (3). 

Transmission (%) =(albumin concentration of albumin concentration / circulation liquid of 
filtrate) xlOO (3) 

[0020] (GDI lb manifestation trial) Film surface product 0.03m2 It was filled up with the Homo 
sapiens fresh blood which contains an anticoagulant In the centrum of a hollow fiber module, 
and standing contact was carried out for 20 minutes within the 37-degree C incubator. GDI 1b 
antibody solution (coal-tar company make: IM0530) 1 ♦* which carried out fluorescent labeling 
was added to collected restoration blood 5 **, and the cell membrane was fixed to it after the 
2-hour reaction using the pretreatment reagent (coal-tar company make: Multi-Q-Prep) at 
the room temperature. About this specimen, the quantum of the number of GDIIb 
manifestation cells in a granulocyte fraction was carried out with flow cytometer. The rate of 
the number of CDIIb manifestation cells to the number of fixed cells was made into the 
GDI 1b incidence rate, and it considered as the stimulative index to a living body. 
[0021] 

[Example 1] The polysulfone (product made from Amoco — 1700) 18 section and the 
PVP(BASF [ A.G. ] make: K90, weight average molecular weight 360,000) 5 section were 
added in the N,N-dimethylacetamide (DMAC Is called hereafter) 80 section, the churning 
dissolution was carried out at 50 degrees G for 8 hours, and the film production undiluted 
solution was obtained. The hollow agent mixed and prepared the DMAC15 section and the 
purified water 85 section. Next, it was made to breathe out from the duplex spinneret which 
kept warm the film production undiluted solution and the hollow agent at 45 degrees G, and 
after passing the coagulation bath which consists of purified water, it rolled round to skein. 
After 90-degree G purified water washed the cut bundle, the glycerol water solution was made 
to adhere 15%, and desiccation processing was carried out at 70 degrees G for 12 hours. It is 
the obtained film 1.5m of film surface products 2 It cast to the module, it was filled up with 
purified water, and the gamma ray of 25KG(ies) was irradiated. The bioactive glycolipid 
content in the obtained film was 0.95ppb, and albumin permeability was 0.05%. The GDIIb 
incidence rate of this film was 8.5%, and stimulative [ to a living body ] was weak. 
[0022] 

[Example 2] The polysulfone (product made from Amoco — 1700) 18 section and the 
PVP(BASF [ A.G. ] make: K90, weight average molecular weight 360,000) 5 section were 
added in the DMAG80 section, the churning dissolution was carried out at 50 degrees C for 8 
hours, and the film production undiluted solution was obtained. The hollow agent mixed and 
prepared the DMAG25 section and the purified water 75 section. Next, it was made to breathe 
out from the duplex spinneret which kept warm the film production undiluted solution and the 
hollow agent at 45 degrees C, and after passing the coagulation bath which consists of 
purified water, It rolled round to skein. After 90~-degree G purified water washed the cut 



bundle for 2 hours, the glycerol water solution was made to adhere 15%, and desiccation 
processing was carried out at 70 degrees C for 12 hours. It is the obtained film 1.5m of film 
surface products 2 It cast to the module, it was filled up with purified water, and the gamma 
ray of 25KG(ies) was irradiated. The bioactive glycolipid content in the obtained film was 
0.65ppb, and albumin permeability was 0.3%. The GDI lb incidence rate of this film was 12.5%, 
and stimulative [ to a living body ] was weak. 
[0023] 

[Example 3] The poiysulfone (product made from Amoco — 1700) 18 section and the 
PVP(BASF [ A.G. ] make: K90, weight average molecular weight 360,000) 5 section were 
added in the DMAC80 section, the churning dissolution was carried out at 50 degrees C for 8 
hours, and the film production undiluted solution was obtained. The hollow agent mixed and 
prepared the DMAC15 section and the non-purified water 85 section. Next, it was made to 
breathe out from the duplex spinneret which kept warm the film production undiluted solution 
and the hollow agent at 45 degrees C. and after passing the coagulation bath which consists 
of non-purified water, it rolled round to skein. After 90-degree C non-purified water washed 
the cut bundle for 2 hours, the glycerol water solution was made to adhere 15%, and 
desiccation processing was carried out at 70 degrees C for 1 2 hours. Purified water washed 
this film after immersion at 70 degrees C to 95% ethanol of 0.2~N sodium-hydroxide content 
for 12 hours one whole day and night The bioactive glycolipid content in the obtained film was 
0.35ppb, and albumin permeability was 0.4%. The CDIIb incidence rate of this film was 10.5%, 
and stimulative [ to a living body ] was weak. 
[0024] 

[The example 1 of a comparison] The poiysulfone (product made from Amoco — 1 700) 1 8 
section and the PVP(BASF [ A.G. ] make; K90. weight average molecular weight 360,000) 5 
section were added in the DMAC80 section, the churning dissolution was carried out at 50 
degrees C for 8 hours, and the film production undiluted solution was obtained. The hollow 
agent mixed and prepared the DMAC1 5 section and the non-purified water 85 section. Next, it 
was made to breathe out from the duplex spinneret which kept warm the film production 
undiluted solution and the hollow agent at 45 degrees G, and after passing the coagulation 
bath which consists of non-purified water, It rolled round to skein. After 90-degree C 
non-purified water washed the cut bundle for 2 hours, the glycerol water solution was made to 
adhere 1 5%, and desiccation processing was carried out at 70 degrees C for 1 2 hours. It is the 
obtained film 1.5m of film surface products 2 It cast to the module, it was filled up with 
non-purified water, and the gamma ray of 25KG(ies) was irradiated. The bioactive glycolipid 
content in the obtained film was 15ppb, and albumin permeability was 0.05%. The GDI lb 
incidence rate of this film was 27.5%, and its stimulus to a living body was high. 
[0025] 

[The example 2 of a comparison] The poiysulfone (product made from Amoco — 1700) 18 
section and the PVP(BASF [ A.G. ] make: K90, weight average molecular weight 360,000) 5 
section were added In the DMAC80 section, the churning dissolution was carried out at 50 
degrees C for 8 hours, and the film production undiluted solution was obtained. The hollow 
agent mixed and prepared the DMAC65 section and the purified water 35 section. Next, it was 
made to breathe out from the duplex spinneret which kept warm the film production undiluted 
solution and the hollow agent at 35 degrees C, and after passing the coagulation bath which 
consists of purified water, it rolled round to skein. After 90-degree G purified water washed 
the cut bundle for 2 hours, the glycerol water solution was made to adhere 15%. and 
desiccation processing was carried out at 70 degrees C for 12 hours. It Is the obtained film 
1 .5m of film surface products 2 It cast to the module, it was filled up with purified water, and 
the gamma ray of 25KG(ies) was irradiated. The bioactive glycolipid content In the obtained 
film was 1.2ppb, and albumin permeability was 2.1%. Where the hollow filament outside of a 



small module is filled up with the dialysing fluid created from non-purified water at the time of 
the GDI lb manifestation trial of this film, when it examined, the CD11b incidence rate was 
22.0%, and stimulative [ to a living body ] was high. 
[0026] 

[Effect of the Invention] There are few bioactive glycolipid contents contained in the film as 
an impurity, since there is also little elution from the film of this component, the stimulus to a 
living body is mitigated, and the polysulfone system selection demarcation membrane of this 
invention can be used suitable for fields, such as blood purification. 



